It has been reported recently by Foda and Vaughn (1953b) (Katznelson et al., 1953) . For comparative purposes, the solvent system used by Norris and Campbell (1949) and Stokes and Campbell (1951) was employed additionally in examining some of the oxidation mixtures.
It has been reported recently by Foda and Vaughn (1953b) that maltose oxidation by several strains of Acetbacter melanogenum proceeds via hydrolysis to glucose, followed by conversion of the monosaccharide to 5-ketogluconic acid. This conclusion is inconsistent with the findings of Katznelson et al. (1953) who showed that both intact cells and cell-free preparations of A. melanogenum oxidize glucose through gluconic and 2-ketogluconic acids to 2,5diketogluconic acid. In view of the altemative presented by Foda and Vaughn, it was felt desirable to reexamine the maltose oxidative pattern. The results demonstrate that the action of A. melanogenum on maltose proceeds by the pathway previously indicated for glucose oxidation.
MATERIALS AND METHODS
A. melanogenum, strains MA 6.2 and 6.3 of the Hopkins Marine Station culture collection, were used. Since the data obtained with both strains were almost identical, only those from experiments utilizing MA 6.3 will be reported. The cells were grown for 24 or 48 hours at 28 C in one per cent yeast extract (Difoo) containing either two per cent glucose or two per cent maltose. Harvesting, aging, preparation of cellfree extracts, and manometric and chromatographic procedures have been described in detail elsewhere (Katznelson et al., 1953) . For comparative purposes, the solvent system used by Norris and Campbell (1949) and Stokes and Campbell (1951) was employed additionally in examining some of the oxidation mixtures. Glucose was determined by fermentation with Torulopsui monosa and by means of the alkaline copper-arsenomolybdate method (Nelson, 1944) . Maltose was chromatographically free of glucose.
RESULTS
Glucose grown cels. Glucose was oidied rapidly with concomitant production of carbon dioxide (Katznelson et at., 1953) . Maltose and 2-ketogluconic acid also were oxidized although at a much slower rate than was glucose under the same conditions (figure 1). Not infrequently a slight lag in oxygen uptake was observed with cells on maltose. However, oxidation of maltose proceeded in the presence of 1 x 10-4 m 2,4-dinitrophenol, an agent which inhibits enzymatic adaptation (Monod, 1944) . Cell-free preparations made by grinding cells with alumina oxidized maltose directly (figure 2), further supporting the view that the oxidation of maltose is not adaptive. Carbon dioxide was evolved readily from maltose by the action of intact cells (figure 1) but not with cell-free preparations. Addition of dinitrophenol to fresh intact cells or aging such cells in the cold reduced their oxidative capacity for maltose (figure 3) as well as for glucose. Little carbon dioxide was evolved under these conditions (Katznelson et al., 1953) .
After centrifugation of the suspensions from the Warburg vessels the clear supernatants were examined chromatographically. It was found that maltose oxidation gave rise to a product whose color reactions with carbohydrate reagents and whose Rf value were comparable to those given by 2,5-diketogluconic acid; 2-ketogluconic acid postulated as the immediate precursor of the diketo compound also was detected in the oxidation mixture. There was no evidence for the formation in this series of 5-ketogluconic acid. The latter compound may be distinguished readily from the 2-isomer on the basis of Rf values in the solvent systems as well as by its color with p-anisidine. It 5-ketogluconic acid and 2,5-diketogluconic acid cannot be separated with the solvent system of Stokes and Campbell (1951) . This may in part explain the conclusions of Foda and Vaughn (1953b) that 5-ketogluconic acid is the end product of glucose and maltose oxidation by A. melanogenum.
Maltose grown cells. These oxidized glucose, maltose, and 2-ketogluconic acid readily (figure 4). Here as well, carbon dioxide evolution occurred as the oxidation proceeded, and chromatographic examination of the reaction mixtures showed the formation of 2, 5-diketogluconic acid, with traces of 2-ketogluconic acid. When these cells were aged in the cold, they still actively oxidized glucose and maltose, though at a slower rate than fresh cells, and produced reduced amounts of carbon dioxide. Addition of dinitrophenol to fresh cells reduced their oxidative capacity (figure 5). Under these conditions, oxygen uptake closely approximated 7.5 4M (168 .tL) for 2.5 4M maltose, or the amount required for a 3-step oxidation of glucose to 2, 5-diketogluconic acid assuming a preliminary conversion of one maltose to two glucose units. Similarly, with cell-free preparations, about 7.5 AM oxygen were taken up per 2.5 qM maltose (figure 5); no carbon dioxide was produced under these conditions and endogenous metabolism was negligible. In a cell-free extract prepared by sonic disintegration isomaltose, in addition to maltose, was attacked oxidatively at a rate which suggested that it too is stoichiometrically equivalent to two glucose units.
When strains MA 6.2 and 6.3 were streaked on two per cent yeast extract agar containing two per cent CaCO3 and 10 per cent maltose, clearing of the medium occurred within 72 hours and the typical dark brown pigment of A. melanogenum developed rapidly.
Course observations suggest that maltose is transformed into two glucose units, or their equivalent, which then undergo oxidation. Foda and Vaughn (1953b) found that no esterification of inorganic phosphate took place during maltose oxidation by A. melanogenum and concluded that a simple hydrolysis rather than a phosphorolysis was the first step in the catabolism of this compound. Another mode of attack upon maltose could be by direct oxidation of the reducing group to give maltobionic acid (Bernaerts and DeLey, 1952) . In this instance, hydrolysis of the maltobionate would yield one equivalent each of glucose and of gluconate; further oxidation of the maltobionic acid to 2-ketomaltobionate antecedent to splitting would result in glucose and 2-ketogluconic acid (or their phosphate esters). The total oxygen uptake to the stage of 2,5-diketogluconic acid would be the same regardless of which of these mechanisms was in operation. In order to choose between some of these possible pathways, the following experiments were performed.
It was found with maltose grown intact cells and with cell-free preparations derived from these (figure 6) that no oxidation of Ca maltobionate occurred. This precludes mechanisms which involve preliminary attack of maltose at the disaccharide level. With regard to a phosphorolytic cleavage of maltose prior to oxidation, whereas the intact cells were incapable of attacking either glucose-i-phosphate or glucose-6-phosphate, the cell-free preparations oxidized both compounds (figure 6). In this case much more oxygen than is required for the theoretical conversion of hexose to 2,5-diketogluconic acid was consumed, with appreciable carbon dioxide evolution. Furthermore, no 2, 5-diketogluconic acid was demonstrable in these cell-free reaction mixtures although undefined reducing substances were detected. Under anaerobic conditions these extracts neither converted the glucose phosphates to glucose nor glycolyzed them to carbon dioxide. Presumptive glucose formation was sought for both by paper partition chromatography and by the use of the yeast T. monosa. Incidental to this determination, it was found in the course of examining these chromatograms that there was an enzymatic conversion of glucose-i-phosphate to a compound resembling glucose-6-phosphate, suggesting the presence of a phosphoglucomutase in A. melanogenum.
In efforts to demonstrate that glucose itself There is no doubt, however, that the maltose grown cells carry out a more vigorous oxidation of maltose than do the glucose growni cells. This phenomenon may be an instance of a partially constitutive enzyme whose concentration is increased by exposure to the specific inducing substance. Alternatively, the "adaptation" in this case occurs at the permeability barrier since the machinery for handling maltose oxidation may be demonstrated internally in the "unadapted" cells.
In addition to the results reported here with A. melanogenum, strains MA 6.2 and 6.3, and in a previous publication with strain MA 6.2, the other strains of the Hopkins Marine Station culture collection, MA 6.1, 6.4, and 6.5, were found upon preliminary examination at the outset of these studies to metabolize glucose in the same manner.
It should be pointed out too that strains of A. melanogenum of the MA 6 series also have been designated as MA 11 strains. A recent publication has listed and given results with strain MA 6.1 (11.1) on the assumption that it is two discrete and possibly biochemically different isolates. It should be emphasized also that strains MA 6.1, 6.2, and 6.3 are wild types, and strains 6.4 and 6.5 are, respectively, mutants requiring either serine or glycine, and glycine for growth. The latter were isolated originally by Gray and Tatum (1944) but have not been examined recently for reversion. These relationships must be considered in evaluation of studies on the nutritional requirements of these strains of A. melanogenum Vaughn, 1953a, Rao and Stokes, 1953) .
transformations. Fresh intact cells produced appreciable amounts of carbon dioxide from both glucose and maltose.
Oxidations with intact cells in the presence of 2,4-dinitrophenol and also with cell-free preparations demonstrate that this process is nonadaptive. Experiments on the course of maltose catabolism strongly suggest a simple hydrolysis to glucose prior to oxidation, rather than a mechanism which involves phosphorolysis or direct oxidation of the disaccharide. Cell-free extracts of A. melanogenum readily oxidize hexose monophosphates to reducing substances which are, as yet, unidentified, and appear to contain phosphoglucomutase.
